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A B S T R A C T  ‘
llc they fla@lil)  or dinghy, space ll~issi<)tls
mus[ be operated smarter for CNII s] Iacc
proglams to rtmain viable CII.NNCII(R ill CIOI
national interests, This means ])ul[ill~’j  Itlc

cognitive capabilities of fcwcv itl(liil(lu:tls  1 ;.)
Lmt[cr USC. ‘1’crn)s like gcnmalist,  II)LIII i
tasking, cv 0ss-! I aining, and systeIII:< [!(II LI

com to Inind in t}lis context. 3’11(’.  val IIt UI
systems krmwlcdp,c and C. I oss-tlaillitly, II, iis
pI-ovcII  in nuxtil)p,  Mag,c]lan’s CIMIICII:I,(’S
Cassini is currently capturing the s\Ist CIII 0 I .(i
subsystem knowledge gained dul iII~~,
dcvelopnmt  an(i test activities. ~i:lli]co  II: i
put in p]acc a knowlccige  too] add] CSWII{I
thcil  l’hasc 11 SoflwaJ  c dcvclopcd  lt)I tll(il

10WCI data rate Illission.  lnformatioll  will 1 I(’
accessible in levels of detail to ]JIC])81 c
individuals to un(icmtan~i  the OVC.I[; lI sjs[(IIJ
an(i quickly locate ncc(icd tcchllic:ll  dc[; iils
throughout the lnission.  ‘I”hcse  efii)I is \\’ill
plovi(ic a scaleab]c template whi(ll ({III I)c
a(iaptcd  by othm pf”ojccls to aid tllf:)tl ill
dcvclopitlg,  ]can but robust flight t(all IS

OUR S7ARTING  POINT
IIy ]novillp, into a Ncw  h~illclllii(llll  I.)j

Space  ljxj)ic)latioll, wc have takcm 011 a I)CI,
ctlallcll~c  ill opcuations. ‘1’his c.lmll L>I)lJ,c  III.
even spillcxi  bac!iwa]cis  into the flaf.l,sllii]  (I.

of (;assini, ‘1’hc cllallcmgc  is (icwcl(!~)il)[’,  1111
capability for fmvel  pcop]e  to fly III(’ l~i!’

sj)a(cclafl  and f~)r a sil)f:lc  smali  clew to fly
IIlllltil)lc  sIIIall s~)acccrtifl.

It is 1101 just a mattcI- of rc(iucing
st:l~]ir)[:  sil)cc  tilis tlat)sla(cs  into incxcascd
I isk w}licl)  is utlacccj)tablc.  It is a matter of
SII121 icl Staflinf:,  }:ccausc o;w.raters wili t)c
Jcquil cd to (ieai  with lnore subsystems, their
iiIIo\vlc(ip,c  t)asc II ILISt bc broa(icr an(i their
t c;i(iily available ICSONI  cm InLISt  be dccpcl,
‘J’) Icy may Icfnaill  sjlccialists  in one area, but
llIcy wiil also Imxi to rt(i(i a gamalist
(iilncllsioll  to tl]cil  c.aj)abilitics. “1’raditional
oj)m titions  Ii aillil){l, has focuscxi c)n the
futlclionalily  and bcllavior  oftl)c  systcln,
“J’}Ie lIow ofthc  system functiol] was more
i[l~ix)rtant  tllal)  tlic wlIy. ] A new ai)pr-each
01 clllphasis it) l)lcj)aling  i[l(iivi(iuals  to
con(itlct ()])watiotls is callc(i for. Specifically,
a IIc\v 8pj)I oacl I to ])1 ovi(iing,  the information
licc(i(li  to safely o~)m atc a spaccc~afl an(i
deal wit}]  tllc  j)J ol)lctns  that arc ccftain to

?,1 isc it) jlip,lit. Not only the 11OW lllu St bC
Icarllc(i,  but t]w \v)Iy must bc immediately
tivail:~blc  bemuse. II ILIC}I IImIe ofthc problcm
tirlalysis  will Pdll 10 a fyeat many fewer
oi)cl ;itors.

_Itli MA(”i[l.1  AN LESSON

Onc Il)ij’,llt I casollably  ask, what a
II, CIICI alisl  llLIys  you, I;OI Magdlan,  it w a s

sun’ivai,  hgap,cllall  \vcatherc(i  the mysterious

“\4r:llk-a[)OLlts’”  as \vcll as sulviving  the
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buctgct rrx wilt] its cross-trrrincd “1 ,ean \!(i:II
Gravity ‘J’can)”.

As(sub)systwn  sol)llisticatio[  )!+lo\t., ”
having in-dq)th cxpcI list available i’oI
subsystems no Ion:,er  cnsurcst  hat tlw })I(Jj(L:l
c:lllrclial)ly aci(llcssat)d resolvcin-flip,ll(
subsystem failures. ‘1’hc Mag:cllan  ‘(W: I 11;.
abouts”  rtlca c.asc it] Imint.  in adciitioll,  }vi!tl
in-flighf  spacecraft not being rip,ht  af lJ:III[!
forcxarllil}atiorl,  tllcrcl  lasoflcrlt )cer}:~i)il  (If’
luck involved in the anomaly rcsolutiol)
process. l’l~c  Magcllal\  ex~>cricr~cc  ]>oil)t:;~ll)
tllcvaltlc ofsorllctllillgl llorc--a  systclill
perspective.

lhlrir)p,  the mapping missiorl  al
Venus,  h4agcllan began cxpcricncir)~),
unexplained losses oforicntation.  1701 MIIIIt
unknown reason, the spacecraft WOUI(l I(I,w
attitucic  r-cfcrenccardjust  “wander ofl:
poirlt’’ for]] l-c)lo)lgc(l ])crio(lsoftirllc, Afl(l
countless hours  ofinvc.stigation  and aII:IIJ’s Is
by the cxpc[[s, the N4aflcllan  team lvfis ,il)sl
about rcaciy  10 attribute the cx])cric])ci.  t(!,
rancto]n p,rcldins. “1’hcn the failure w:ls
replicated while a sequence was runllillp,  III
the grouncl version of the spacccrafi,  IIIC
Systclns  Vilification I .atmratory  (S\T1,)

All ofthc attitude control aIId
command and data system clcmcII[s,  lIC)tl  I
hardware and sofiwarc, appcarcci to I)c
fllnctionin.g  pIopmiy,  and individllaily,  tlIcy
were. What the tcatn discovered was llIal ::s
the software Inodulcs  wwc running, 1 I ICI L
was a small, t)ut finite time in the ]of, ic 1$ 11(011
a variable was not dcilnc(i. ~’hey alsc I f[)llll{.i
that every millic)n times or so that tllc
variat)lc was ncccieci  by attitude corltt (11
software, it was called at the time WIICII  ii
was not d12fi I)cd. “J’l]is  was cal]sin~  tlI(
attitude corltl 01 system to loose toucii lvilll
I-cality  and p,o ‘(walk-about’>.

Witlmut looking at the bi[’,~,c~  piI:ILII  t
of how an(i when clcmcnts WCI-C ~vo I k i! If I
together, aid without a significant alllo~llbl  [)1
luck in SVI t, this ])ropcnsity of the s]t:iit’,  r;II i

to roulirl~]y  wardcl  ojl” Iniy,ht  ncvcl-  have
I’cell Collcctcd.

SUCII cflbr [s got Ma:cllan  through its
Illin)ary  Inissiorl,  but tl)mc was still a desire
(c) do aci(iitio]wl  gt a\rit  y cxpcrinwnts  with
w}mt tur Imi out to bc a vefy robust
;.l)acccrall. (ht lhc! ollmr l)al)d,  the budget
l)rcswr-cs dictated that business as usual was
~lot :Iccc]ltal)lc  for tl)is scicrltific target of
i)ppL)I L[lllily.  AflcI a t:lcat deal of
(onsidci  atioll arid c[)llstcrn  alien, the
l~la:’,cllall  tcanl  Inad(:  a bold m o v e .

‘1’}]CY ~lll({cr [()()k to CroSs-tl ain the

:mt)systcrn  cx~IcIts arl(i ~m)viclc thcm with
~“i])]iia]]]c]]tal  kr)()~vlcd:,c  Ofothcr subsystems,
to I)r oa(lm tllcii krloit’lcd~:c base and give
lhCIII  a ~’,cnma  list l)cI sl)cclive. in this way, it
was felt that tllc sta{~lllp,  coNlcl t)c reduced to
a skclrx on CI cw t l)at could still cflcctivcly
()])(1 atc Ihc spacccrafl,  but at significantly
Ieduml pcrsoftlw] costs. “Jlw success of this
~fro  J i is well docl)lllcntcd in the ‘1’earn’s
citatiorls for NASA Awards and h4cdals.
h4a[’,cllan was al)lc to bI cak new [y-ound in
s])ace cxplo~ ation duI ir)[~, their acr-obraking
CX])CI  ictlcc  with a fli[’,llt  team significantly
SII1811CI  lhaII  arly ])liol team for such a
corlllllcx  ari(i i’iIlly fi.lllctiorlin~ spacecraft.

tioW [)0 VW GAIOW GENERALISTS?

}Iack Illcn to our a~lproacll  for
lmildill:j  ~cr)c~ alists. Quite clcally,  it is not
])ossit)lc  foI rrlost ill(lividuals  to a b s o r b

dclailcd  iIlfor~])atioll° al)out the  clcsip,n,

flr]lcl  io] I, an(i opcv at ion of every subsystm

on a ialgc si)accuail  like Cialilcx),  nor for
n]ll]tip]c  sitlil)]w SjJjlCCCl”~lfi.  We learned in a

stu(iy “ will] Voya{’rcr  sj)acccraft  analysts that

the best Lli)(ic[sttlll(lirlj:  ofthc  spacecraft

bclL)IIjI,cd to llIc analyst  who had a mental

111;1])  Ofthc  S]laccclafl as a system. llC
uIIdcIkloo(i  tllc itltcl;ict ion  an(i

irltcr(i~i  )crl(icllcc  oftllc subsystcnls  that

dctm  Il)ine{i  w}ict]l(:t  tlm spacecraft worked as
a si)a((’cI afl or as a mllrxt ion of separate
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uncoordinated clcctlo~~lccl)ar)  ical (icvi~~:.
This kind of~ljldcrstat~cli~l[~  should bc :1
primary objcctivc  in dc.vcloping  OUI
approach to cultivating generalists, (lviII  1),
another major objective is easy across t{) tlII
detailccl  information which provides III(’

foundation for uncicrstanding  the systcIII ijII ~
supports the detailed tasks pcrformc’d  as IIa [
of flight operations.

‘] ’hcse two objectives lead us to :1
muhi-]aycr systcm for cducatins an(i
supporlins,  our new cra generalists. “1’}If tfli,
layer is an educational tool to provi(lc t I IL
necessary undcrs~anding  of the syst L*I II, t t [c
illtcr(lc])cl)clcllcc  of the Subsystcllis.  at)d ii 5
opc[alion.  ‘1’he bottom layer is a Tckl (IIILC
tOOl fol” access tO design, tCSt, plOC(’Lill;r ill,
lCSSOIIS  lcar[~cd,  and anomaly info]l)l:{tiotl  f(I

each spacecraft subsystem. Any iilt 01 Ii(di:t <’
layers will cicpcnd on spaccci-atl  CO I l)~)lv’.it \
and rcsoul-ce limitations, Ikscribd  Iwloij”
are two cfl’orls at the Jet Propulsiotl,
1,aboratmy  (J]’],) undertaken on ttlc  (itllllt~

and Cassini projects tc) put in place svsir]l]s
that can bc utiliz.cd  in preparing fJ,c.IIc I :Ili;.ls
for both these fli{’l)t  teams. “1’hcsc tool~ C; III
also bc umi as templates for systm)ls  SU:II(X
to tllc needs ancl rcsourccs ofthc SIII;IIICI
projccls  coming in the New Millcl]tlii]lll  N. I
the systems can dcvclc)p  and gI ow :IIOIIf]

with the projects to furlhcr nlinilnizr
unnecessary cfToI t in collecting inf(lt  nI; Ili(IIl
and structuring Illc cc{ucational  tool aTI[l
reference tool.

As wc stl ucturc  and C1CVC1O]I  0111
tools  wc IIccd to keep in mind SOIII(
flllKialllCllta]  qUCSti(lIIS: ~]oW  I]lllC]l  dll.)[ll{i

onc person bc rcspc)nsiblc  for pN fol I))ilii’,’?

What ICVC1 or depth ofknow]ccip,c  slIoLIld 1::
cxpcctcd?  Who at-e the right cx[)cI is ill tlIf
Jlcld from whom to elicit informatioli’)  1 IOJ$

and in what forll] will information tlc

captur-ccl?  What rc.scmrccs  should [xis[’)
Should the person know the info] ili:ltio)~  01

just know how to access it? ‘J’hc  aIIs\\IcI:, t )

ttlcsc (]uestiol)s  III ovidc.  guiciancc in
(i(’tcl i))i~ling  IIIC SC.OI)C ol’each ICVCI, how and
wllrII  info] IIlatioll is collcctcd,  an(i hc)w each
lCVCI is ])lcsclltc(i.

CA SSIAII l“”DUC:A  l“ION AND
}<f’”}  [’RENC:E 700LS

‘JIlc  (:assitli mission wili extend frcm
1997 to 2(Wl, St a~lng profiics began leanly
fol a iaIg,c ilig,llt ]Ilojmt  ami alc cx])cctcd  to
bccollm CVCII lcatlcl. ‘1’IIC challcngc  of nmlti-
tasl:il]{:  fli~:l~t  tealn li)cmbers  an(i tbc risk of
losinf’,  vaiuablc  irlfol  mation thrc)ughout  such
a lonf~,  missio]l is a comet n. IIow the
s~)accul-afl  is desi::tle(i  to oi)cratc, operating
col-lstlaints,  aII(i subsystcm  iciiosyncrasim  arc
a fcw of tlw ilni)o[ (atlt al cas recognized
WIICI  c. iIlfc)Il  nation slIould  bc capturcci,
ciisscl])inate(i,  atd kq)t cuIIcnt  and available
till  ou::houl the  Illission.  Several c)ptions
WCI c consi(iclc(i  for capturing general an(i
(;ctailcd  info[]natio])”  fi oIn the spacccr-afl
dc/IclopeIs fo] usc ill flip,l)t  operat ions .  “1’wo

~mI ailcl dTbI [s W(:I c un(icr[akcn  to both

cailtlllc  the i]lfolJlmtioIl  anti to ])ut it into an

easily  accxssit)lc  :inci cflcctivc  fc)rm  f o r

i]lfi)lltlation  tlalls(kr.

‘1’IIc initial  cal)tul  c cffor[ is  ongoing

211(I stlaip,lltfc)i\  +al(i,  using in-house fttcilities

fc)l vi(icc)  ta j)itlf, lwt ur m from subsystcm
[iofclo])cls.  l:c)l caj)tul ing a s])ccific  set of
(iata, this is at) rflkctivc ai)prc)ach,  but it has
(i I tiwbacks  fol cf]ictivc infoI-mation  transfer.
l’liol tc) tlic ])lcsclltation,  an outline is
dm’cloimi basc(i o]] pet ccivcd cwstomcr
I)ccds  an(i ])lovidcd to the prcscmtcr. “1’hc
1)1 csrntcr al)(i  tllc (01 c p,i oup of engincm
~vlIo am tllc “CUSIOIIICIS”  c)fthc tutorial met
to (iiscuss the ou[linc an(i lcctute content.
‘1 )IC l)rcsc.ntcI  ]cvicws Ilis planncci
]11 csclltation  aIId tltc cmstomcrs provi(ic
illpu[s with lc.s])cct  to the subject covcrc(i;
tic])tll  oftlcatll)cl)t dcsilcci, a(iciilional  topics,
aIILi  aIIy otlwI Iclm’:i]lt  aspects to focus tbc
1)1 cscllt:itio[l  to custoIncI  nccxis  “J’hc
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presenter then has a better idea of
operational concmls  and implmmlts  tll(’
inputs. lfadditional  exchanges ale n~udc~{
they arc schc(iulcd,  otherwise the
prcsciltation  takes place. A qucstiol) :in(.i
answer session is itdudcd  either thl(u.]yl)(l[lt
the presentation or at the end to allovk’ f~)t
audience pal [icipation and clarificatio[l t)l
details at)d alcas of uncertainty fol tll~:
auclicncc.  Additional Video taping, dui iTl[I,  (Ilc
Spacccrafl Assembly liacility (SA]~) t l:s( al I(I
integration phase of Cassini dcvclo])lllci)l  i!.
prcsclltly  being scheduled. This will Ijc all
opportunity to capture on vidcota]w,  IIN
actual subsystems during test and lmlc i 11(
cognizant cngincet  explain what wc al c
looking at and the functionality oftllc
subsystem. ‘J’his product will have a ~.]c..II IV
different flavor than the studio lcctu[i’s,  bill
both have ]ilnitations  l-cgal-clin~  infbt lll:itic~rl

transfer.
‘J’hc traditional collcgc ]ectul [ -Iikt

approach is the poj]ular  mode of opt] :Itio]t
for prcscntat  ions, with vicwgraph  afl (t
vicwg[-aph  aficr vimvfiraph. “J’hose f:{l] II II; II
with the to~)ic  g,ain much, those not vet }
familiar find this clclivcry “boring”, atld “r~(ll
more so late] in ‘(talking head’> videos. ‘] I[; i
results fi-om several factors. ‘J’hc
dcvclopcr/p~  cscnter,  does not put nl~lcl]  ii I IIC
into pleparinp,  fc)r IIis presentation tx>y[)!ld
the vicwgral)l~s.  Vcly few individuals i~ill I)c

concerned with methods of making II ic
videotaping more exciting. ‘1’his isjmt tltIL
more item they arc on the hook to ])] ~.)d  II(v

“1’hcy  do not want to invest a lot oftiillc,
especially since the preparation tilrlc  is
coming froln their development, illtc{’,1 at i(lt I

and test time. SotIIc  of the prcsentcl:> do tl~.~t
have good presentation skills; they IU+JJC t}]:
cxpcr[isc, but may not be able to ] clay  it ill a
“colorf~ll  manner”. “J’his adds to tllc ]):iitllill
experience of the Ilovicc learner. It t;Ikcs
time to cool(iinatc  a(iditional pro})s,
conlputmi7.ed aninla[  ion, even loc;~t  it I!. I

pictulcs ofthc subsystems Developers arc
ill tlIc ]Ilidst ofdelivc[i!)g  their subsystems
aml il~Iolvc(i  wit]] dclive.ry reviews: lnaking
tutolials  is not  thcil ]I]iority. ~’hc
i]lful  In:ltion fl oln S~\t(  will sufYcr as a
vicw~’,1 a])h prcscnttition  fi om the lack of time
to IIIOkC tllc p[csc}ltatioli cfl’cc.tivc.  Clca[]y,
this is S’J’JY //1 of (ml I)rocess w]lcrc
itlfol I nation is twitlf’,  ca])tul  cd by the most
cx])u({ilious  nlcans ~)ossiblc and cannot be
takcll  as an cl](i  ploduct.

‘1’hc palallcl  cfhrl to the information
caj)turc,  had two ~)\II  Imscs. ‘J’hc first was to
tnakc  tllc plcsclltatio]ls  as painless as
])ossiblc  for tllc p] cscntms  and the second
was to ]lrototylle,  at vcly  little cost, an
cff’:ctilc a~)l]loacll  for ilnlncctiate  information
tlatlsftl  a[d fol 10I1[T, tcllll accessibility.
l)ciclol)n~ctlt  of a con)]nltcr base(i training
(CJ:’J’) IIIO(IUIC was tlm Incdia  scle.ctcd  for
illvcs[if’,:ilio]l,  A co-()]) stl)dcnt was hirc(l as
our dclclo~lcl fb] this six Irlonth  e. ffolt. “J”his
fO1 [cd a shor i (Icvclo])[mnt cycle, which was
ildctltional, J!rc (lid IIot want the ]moject to
drop, OII and \vaste  ihn(ls  ifit were not
fcasit~lc,  We also Ilad no actual clata  in-
housu as to how IIIIICII  effort the lypc of

pro(illct wc wm c shooting for rcquirccl. ‘J’hc
platl  W’il$ to cxtlact  itlfor[nation  from thC
viC\v}:l  :Ip]IS, cli])  scrtiot]s  of t}lc videotape,
cut rin(i paste fitld c.otnc  Np with an
itltcl  t:st  ing and cicli{’,litful  computer based
Ilaitlin[’,  plodllcl. ‘1’llis  ]Iroduct  would b e
j~,uldcd  by inputs  atld  di[ cction f’-om the
prcsctlttr, IYc WC] c tc) place these training
ln(~[iill[s on a (~1 J-l<(Jh4  a~ld/or 011 the
illtctjlct, ]]lovidcd Itla.t  by the time this
produ(l  W’as to he IIsc(l  fi Cqllcntly>  t h e

illtu IICt would havl:  soflwar-e  to support the

tlaillinj’, ndIIlcs aIId tnakc it available at
Cvclyolle’s dcsk[oj) Ou[ co-op ])articipatcd
ill Ilic soflwa~  c selcclion ])toccss.  We
sclcctcd Autllol ~val c, a multi-platforln
sc)flv,vit c j)ackagc  tlmt ofim cd the options to
dcidol)  the ty]w (d’educational too] we were
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looking fol-. The next challcnse ]i :Is l\JI C):II
co-op to learn how to use the soflwul c
When wc wm ] eacty  for our act~l[ll
dc.velopnmnt  to begin, only three lnol]l I IS
were lefl for the delivery of his pltJdLIL.i ])t I():
to our co-op having to return to s(tm(.~1
T}~is provided a very valuable Icss()]]  Ic:I( ]NLI
about the up-fl c)nt  eflOI-l requir cd f(~l s1lcI1  0
project, men fol a “rapid” prototylm.

‘1’hc stuclcnt  was tasked to (al.c tll(
infol  mation from the presentations aI i,]

develop a trainil]g,  module that woI.Ild llL
interesting, contain video clips, all[i qlllslicr]
an(i answcls at the conclusion fo] Itlc fli~’,1][
team nmnbcr  to cwaluatc their p,l aI;]J 01 L])(
subject.. “1’hc ~dcaswas that this ill,((~~[ll:l[i  ,Ii
could bc made accessible to the fli{lllt  ti~ltl
and with the advancements made. 011 I ~IL
WJIII,  in tl]c fllturc, acccssib]c  10 [Ilc
desktop. ‘1’hc issue of maintainability lws
also considered, that is, as wc lcatjlcd ]iL:w
thillss about the systems or opcratl~)lls
throughout the halancc  ofthc spaccct; lll
dcvclopmcnt,  integration, and test as M ~11 ,S
the mission, wc wanted  to update tlIc

information. ‘1’hc initial task ofd~iclol)i[i{’ a
tutorial  modu]c for the }Jropulsioll Syst(lll
was not complet ccl. ‘1’hc student 1 Ifid t t)
return to school, thcrcfolc, wc alc [iot (j~lil::
sure how lonp, tllc task would ha\’c  tak(’11  I.)

complctc.  From his asscssmcnl, IIu SCL;lLCI
to bc three-qualim”s ofthc way tllli.)u!~ll  ill
the thlec lnonths  l]c ha(i to actuall~’  d(’i(lol I
t h e  m o d u l e .  ‘

Wc at-e  rc-evacuating S’l’l:.l’  //?, ~1~]]
informatic)n transfer or cducationa]  tool P.1
thC pl’CSCIlt,  WC will index t]lc illfc)llll:l[i~)ll  (II
the video tapes in order to aid fli~,ll[  IC:IIJI

n)e]nbcrs  in finding technical info] l[lati{~rl
they need immediately on a specific
subsystcm  in a quicker fashion thail l(x)l.ill:
at an enti!c tape or plowing throuf]ll  Ics[
I-cpolls 01 Pdilu]c  analyses. The ta])cs Ivill 1:::
viewed ami tinlcs noted for each ol’ II]C
topics a[c covme(i.  ‘i’hc vicieo  ta])cs \ji[ I}

tlic itlcicx alc tllcn availab]c as a flight team
[C(CI cnce al)(i  will :iiso bc rca(iy  for use as
~i(ico cliim arc llcc(icd  for a cxiucationai
IIlo(iulc.

\llilc  Autholwarc is not abandoned,
(lifT<l  clLt ol)tioj)s  atc bcillg investigated.
Other altm IIativcs  include  Power Point
l)] cscntatio~ls,  talkinp, vi(ieo (si]nilar to power
l~oitll  but u’itll  (itfails on the other page
expanding OJ1 ttl(: bullets), putting t}w
IIlatcl ial 01) the \lTl:.ll  i[l an c(iuc.ational
fbJ Ilmt ald  otllcv  ])] cscritation  ])ro.grams  we
tlfivc availatllc,

GA1 /1.)!’0 KN() WL. E:DGE TOOL
‘j’Iic  (;a]ilro l)hase 11 l)ownlink

~rmwlcci~;u  ‘1’ool (1’hasc II Fiight Soflware,
!Iot tlic Knowledge  “1’001)  was (icvclopcd  as
all ill formation a]ld tlaining  rcsourcc for
(ialilco l’lojcct  team nmnbcrs  and the
(ialilco scientific colnmunity.  l’he Galileo
tcalll  has extensively rccicsignc(i  the
Iclclllctty  (iata harldlin[<  capabilities of the
sl)acccrafl  f{)] its two-year orbital tour of
.lu]~it{’r,  which bcp,ti[l o]] l~cccmbcr  7, 199S.
‘J’his nmv a] )])roacl~  bcca]nc ncccssary  w}mn
the s])accm afl’s ili{;ll-gaill  antenna failed to
dcp]oy  dllliJlf{  flij:]i[, tllcreby making the
S] MCCCJ afl’s t;i~]c  Icmr(icr an(i low-gain
(backup) atltcnll:t tllc only means of
acquililly,  a[)(i sctldillp,  (iata to Ilarth. ‘J’hc
K]iowlecip,r  ‘1’001 is thercfcm an on-line
pl t.s~’ntaliol)  of bssic pr@ect operational
itlfol lnatiol~  as licll  as (ictaiic(i  (icsc.ri~ltions
of s]]ccific  iiata fol I]lats,  proccsscs,  and
plo(iucts  as irnl)lcllmltcxi  for l)hasc 11.

‘J’ilc  KII()\vlr(i::c  ‘1’oc)I was originality
c]]visiol]cxi as a lll~llti-n)c(iia  training tooi,
dclijcrc(i  011 (:1) ROM, 1 lowcvcr,
Col)si(lcratiot)s”  oi’ time, possible fmqucnt
i cvisioli  to tllc d(si{;[l,  an(i the skiii  Icvcl
I cquir fxi to illll)lcnlcilt  a fllll-blown nmlti-
IImii:l C1)-l<oh4 causcxi  the cfTort to be
sc:llcd  back soil-)c]idlat. ‘l’he emphasis has
l](~w ctlang[:(i  fi 1)1]] st[ ictly a training
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rcsou[c.c  to that of rcfclcncz and tllc sllc~t
dissemination c)f cxpe.rts’  knowledge. ‘J’l IL I\,
the Knowledg,c  Tool is implemented it)
}lypmlext  markup lan~uage (1 ITM I ) on
JJ’L’s gateway-prot cctcd domain on t })c
World-wide We%. (’1’hc Knowlcdp,c  ‘1’t){~l  ]s,
accessible only intwnally  to JP1, pcl st)]ltl~’1
and to mrtain univclsity-based prc)jcct
investigators through special com]mtcl
access at fanp,cnmt s.)

l;vcn thoup,h  this approach ~~fas
initially seen as an intc[-im  solution, it Iizs
turnccl  out to bc cxt]cnwly  usefl]l  aT)d M cII
accepted by Inost 1)1-ojcct  users.  ll~iti~lll~r.,  it~
main customm  have hen lnissioli
contro]lcrs  (those who monitor and S!: I d
comn]ands  to the spacccrafl), and JJ’1
coordinators to the plojcct>s  scicncc
invcstisators.

Although several other (ialilc~)
related IIomc l]agcs already existccl,  llf)tlc
focused on lhc details of] ’hasc 11 dat:l
handling. ‘1’hc Knowledsc  Tool, tlmi, II;IC,
the dual pulposc of providing a convcllicll(
rcfcrcncc and operational “toolkit” f(~l dii\-
to-day project opcl ations, as WC]! as ii
training  tool on Galileo  downlink datil  f~(,)iu
and data processing steps. It also ill(  ludus
links to other related rcfrmnce and t I aitli  11{:
tools that provide a broader context li)l [III:
(Iata flow p]occss from spacecraft to t l~c (i ,d
user.

‘J’hc sclcctiofl  and organimtioll  c)[
topics evolved over a fcw months ofus;lllili[:
testing and feedback from Galileo 1)1 ~)jcc~
team mcmbws. Ccr lain “Quick Rcfcl (.]t.[
I-Jtilitics”  that provcxi  to be used ImSI ofltil
were put ncal the top ofthc home ]):~{’c
(Figure 1), includitlg  an acronym scar (h
engine, calctldar  week-of-year and d;i~’-  o]
year convcI sion tables, and tables sll~~wiil;’
the tim required for radio signals to t [ a~i[
bctwccn  lla[-lh ancl the spacccrafl,

l~igut,.  1. G;]lil(:o KIIO\I Icdp,c ‘1’001 Quick-reference
LJtili[irs

Actual data flow irlformation  was
or{;,  ani~cd into g,ct)~[al  and detailed topics
(1’i[’,utr  2), At the o~w view Ievcl, readers
arc pi~’cn tww ways to access information:
usi IIp, ll)~[)eriex(-liill:c(l  (“clickable”) data
flow cllal  [s 0] :,oill::  dilectly  to a text sub-
IMIIII of topics,  li[lkcci  to text descriptions.

l:if!ttl c 2, (i:llilm KIK)wlcd~c “1’001 Gclwral ad
I)ct;lilc(l lMla l’lo\v lll~ot[lul(ioll
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A series of five flow charts  slm~~  lliI.
flow ofdata from the spacccrafi  to tll( L1l[I
user. Clicking  on a box on the top- 1~-w] [i:ll t
flow chart (Figure 3) takes the rcwdc~  ICI a

more ctctailed  data flow chart.

])ata Systmn catcf?,orics.  Other than in the
1)

1 ojcd  Cic)cul]icntation  itself, it is in these
catc{’,orim Il)at Illc II)ost dctailccl,  tcclmical
ii]fi)l I])atiotl is coi)vcycd.  Some of the topics
011 tllc  hoInc pap,c ale subdivided into
sccoi~daty  a]]d tcl tiary menus (J:igurc S).

‘]’IIc “]{quir mncrlts and lntcrfacm”
sc(tion itlcludes links to detailed Galileo
])] c)jcct  (locLlr11cllt21tioll,” as wdl  as very
detailed colnpcvldiulns ofctata  structure and
f(~lnlat  tables 1101 available on-line anywhere
CISC. ‘l’his scctiorl dcsc]-ibcs Galileo Phase 11
data dowl] to tllc bit level.  Most ofthc
1)1 qjcct documctlts  aI c available in Adobe
Acrobat .p(if (])01 Iable document format)
filvs ‘1’l~c Wcl [lrowscl  (Netscape, f o r
cxall]plc.)  dow]llc)ads  the .pdffilc  and
alltolnatically  latl]lcl~cs  Adobe Acrobat
Reader (free soflwa] c.) as a viewer.

‘1’hc Knowledge ‘loo] home page also
illcl~ldcs  li[lks  to other mission-related home
J)ii&cS an(i p]’ojwt rcsoulcxs  (]:igurc 6.)
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Figure 7. l,il)ks on Cialilco Knowlc(lp,c ‘1’ool 10
General, Nell-]l]issio]]-)cl:]tcd ]<csourccs

l{vcn Ihougll  tlw operational clI:ilIf’,Ls
clcxribcd in this tool should bc in plactk II’S
June 1996, the nature of space missions i~,
that mom will be lcal ncd as this nclv sss[[.tlI
is inlplementcd.  Such ncw insights at (’
virtually gualantccci. ‘1’i~c design oft}lc  IC1(I1
is flexible enough to acconmlociatc  rrci~

topics an(i rcilect lumiificationsto  c.xistirl~’,
stratcg,im.

J )cspitc  the lal p,c siz.c of the Galiico
llrojcc~tt’al]~(()~~cl  2W),thct askof
~’,atltcrilly,  the “iatesl  ticsig[ls” into the
Knowlc(igc  ‘1’ooi,  CVCI)  w]lcn  they arc not
it)m~ally (iocumcntc(i,  was achieved with a
slnali cole p,roup oftmsy,  yet dedicated
itl(iili(iuals. ‘1’his sll~?,y,csts  that a simiiar tooi
could bc. (icsiglled  for ti~c smaller projects
cnvisiojlcd  at Jl)l,,

I ‘utule inlJ}Iovcn]el]ts  might include
tlypel  lext linking, bctwccn  fries. (Currently,
Ilm lcxt (icsclii>tiol]s  arc Iinkc(i  to objects in
ttlc fr[~,ul M, but not to each other). “1’hc ‘1’001
cicsi[:rlcls hrrvc bccll  calcflll  not to duplicate
com]Ilctc (iocurnclkts  foun(i elsewhere on-
line} but a quick wfrrcv]ce  in(icx with links to
tlm rlms( uscci of such (ioculncnts  wili surely
Wol\’c.

f IISCO VE”R Y, N[ W MIL.1 ENNNJM, AND
BEYOND

I h wc have some~])ing  that can be
uscfui to s])acc  missions which are here now
anti just over llIC holimn?  Certainly, if we
follolv lllroup)l  as illtcn(icct  and learn from
t]ur cxllc[icnccs,  (~ical  ly, from scratch
[icvclo]limlt ofa (~]1’]’  tool wiii not be
])ractical for a small projcc.t.  Wc founci that
lIIC tilnc foI the cO-olI  to not oniy learn to
IISC tt]c softwalc aut I)ol illg system but aiso to
lca]ll almut spaccfti[:llt vws a significant
j’actur.  1 Iowcver,  tllc tools are now available
and wc arc (ie.vclc)i]itl{:  an in-house experlisc
ill tllcir USC, ‘J’llis Inca I~s that a ncw project
will IIOt nave t o st aI [ fl om scratch but can
stal [ \vitl] someone kmwlcxigcablc  in the
soft m’al c tools rind ill space mission
O1)CI  ati[)rls,

“1’hc  (icvclol)illcllt  of the lectures to
bc vidc[) tapmi also ])rovi(ics  insight. “1’hose
that v)iii pr ovi(ie  tllc best i]lfornlation  arc
those  that involve tlIc cIl(i  user of the
lnfornvlliorl in tllc ])rcscntation (icvclopnlcnt.
‘1’iIc qucstio])s  that ()]matols  wiii ask when a
i)IOIJiCIII  al iscs  ale tllosc that must b e
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answered in the presentation. This clc:tl  Iy
points to having individuals with actual
mission cxpcricncc  involved in tl]is l’lloli  SC I
that tlleircxjlcrtise catlbeca[)tlllecl tlllo~l~’,11
tllcclllcstiollstl~cy:isk  andthcnlmdc
available to the flight team all thlou~’.lltll(:
mission.

The Galileo Knowledge ‘1’0(>1  ln:ii.ic
use of existing documentation arid lwdil~r
available information on an existirlp,  llit~jt{t
This says it is never too late to i[n])[ovc  [Ilc
tools you provide the flight team, ()1’
particular importance is the relatively lO\I}
cost and low stafllng requirements to ])(1I
together an impressively significal~t  1 cj{I LIIt I:

tool.
The message for Discovery, NciI;

Millcmiunl,  and fllture projects is to [}LII  ~lli
efforl in your plalw ‘1’he projects rIl c
loc)king for WC]] qualified, ant] hopcfLIlly
expcrimced, pcol)lc. Sometimes, }l(}umf.1,
expcricncc  is not always available aJ Id j’tlill
plans must take this into account. ‘Jlltlt i:.
why educational and reference tools m I I {)c
valuab]c  to these ncw projects. ‘J’llcy  will 1111
have the rcsourccs to prepare coII)])I(tL  lli{’,lt

teams to handle every detail ofa Il]issioll
llowcvcr,  byjudiciously devclo]lill~,  tlIc
proper tools as the project dcvclo])s, tlllv
will be able to compensate for lack of
expcricncc  with indivic{uals  able to
c~ectivcly  use thcil”  cognitive skills
suppc)rtcd by project specific cducatiulll:<l  :IHLI
rcfcrcnce tools.

q’hc new projects do not nc(d to
reinvent the wlmel.  “1’hcy can call u] )0] 1 t I)c
cxpwtisc and the experience gailwl in tlI(’
Cassini and Galileo cflorts to tailol all
information collection process and
information t[ansfm tool which is s~li[~d  l{)
the project’s resources. Putting the ]Iltii I ill
place early saves rcsourccs  bcca~~sc
infhrlnalion  can be captured as it bccotllc:~
available. Still, even established p] ~)jccts  M I

benefit without an excessive penalty fr 0111

st;i I titl{g  late as ttlc (.iali]co  cxpcricnce  has
showIl, ‘1’hc bott~~lrl  Iinc is that the
tccllllology  and talents al c available to make
ci iticill  infoi Iwrtioll 1 cadily available to flight
train Inclnbcrs,  as they need it, so that they
do not have to bc cxpc]  1s, but can in fact be
g,cI)eI alists, and still succcssfhlly  operate a
s]]acc ex])loration  Illission  with fewer
ollcr:tlots  t}la~l wc }Iavc seen in the past.
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